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CORPS OF ENGINEERS CONCRETE cator.4 The CQM system (Generation 3) uses slightly

QUALITY MONITOR: OPERATIONS GUIDE different equipment to separate the aggregate and
cement to obtain a representative sample of the cement
suspension. It also relies on a commercially available
calcium analyzer and chloride meter to determine

1 INTRODUCTION calcium and chloride solution strengths.* respectivelk.

Extensive tests proved the Generation I and 2 KV
methods to be rapid (7 to 8 minutes for each water

Background and cement test), field worthy. and sufficiently accu-

This report describes how to set up and use the rate to estimate th, strength potential of fresh con-

Corps of Engineers Concrete Quality Monitor (CQM), crete. s However, these same tests indicated several

a system for determining the water and cement con- deficiencies in the methods. the major one being the

tents of fresh concrete. The CQM systemn makes it amount of central laboratory support required to oper-

possible to judge the quality of concrete as it is being ate in the field. Other deficiencies related to the use

placed, thereby helping avoid the high cost of replac- of' Iragile glassware, reagent cost, reagent stability

ing defective concrete, and degradation, calibration, clean-up requirements
between tests, and ease of transportation.

The CQM water test consists of mixing a known The CQM system has significantly improved on
weight of concrete with a known volume and strength the Generation I and 2 KV methods. With the Fxcep-
of a salt solution. The strength of the intermixed salt
solution is then determined and directly related to noma N salt solution an pc e

the water in the concrete sample. The CQM cement noml()stslui.alregtscnbprhsd
tet wansste s in sepaan the ale.te C m cee in small prepackaged vessels from the chloride meter
test consists of separating the aggregate from the adclim aaye auatrr n eas

cement, uniformly suspending the cement in a fixed onl alsm anty ofackae d rea e

volume of water, dissolving a fixed volume sample of rqie t reagen c r i g nt. Re
the uspnde ceent n dlut niric cid an deer- required, the reagent cost per test is insignificant. Re-

the suspended cement in dilute nitric acid, and deter- agent degradation, calibration, clean-up, and trans-
mining the calcium strength of the dissolved solution. portation are also easier with the CQM than with the
The calcium content of the dissolved solution is GerainIo2KV etds

proportional to the cement content of the concrete.

Both tests have proven to be rapid (the water test Purpose
takes 3 to 4 minutes and the cement test takes 6 to The purpose of this report is to describe ( I t the
7 minutes), simple, field worthy, and reliable. equipment, reagents, and procedures for using the

CQM system, (2) the system's capabilities and limi-
The CQM is the third generation of a method tations, and (3) the results of laboratory and field

originally proposed by Dr. R. T. Kelly and Mr. 1. W. validation tests which compared the CQM system
Vail of the Greater London Council. All three gen- to the Generation 2 KV method.
erations use the water and cement tests described
above, but vary the equipment and analytical tech- Mode of Technology Transfer
nique. The original Kelly-Vail (KV) method (Gen- The information in this report is applicable to the
eration I ) relied on volumetric chloride ion titration Corps of Engineers Handhookftir Cnicrete anld Cetrnenr
to determine water content, and flame photometry (U. S. Army Waterways Experiment Station. 10149).
(calcium signature) to determine cement content. 3  and has potential application as an American Society
The CERL/KV method (Generation 2) performed the for Testing and Materials (ASTM) standard test method.

calcium analysis Icement test) by titrating with an
ethylene diaminetetra-acetate (EDTA) solution in the 4

p. A. Iowdyshell, Revrsed Uperations (iad e !ora owm .

presence of a buffer and an eriochrome black-T indi- cal Technique to Determine Water and Ccment (iontnt q0

Fresh Cotcrete, TR M-212/At)A0)39120 IC"RL April 1977).
2 R. T. Kelly and J. W. Vail, "Rapid Analysis of Fresh *Corning Distributors. Model 940 calcium analvier and

Concrete." Concrete (April 1968), pp 140-145 and (May Model 920M chloride meter.

19681, pp 206-210. SP. A. lowdyshell. "Concrete Qualitv Control - 28 Da\

1P. A. tlowdyshell, Operations Guide- Watr and Cement 24 Hours - 15 Minutes," ACI Special Publication IS'-5' ).
Content ol I'rrh (imcr-le. IR M.177/At)A022697 ((IRI, lceeh-rated Strength Test.e (American Concrete Initute.

September, 19751. 1978).
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2 CQM SYSTEM - EQUIPMENT AND needs to be uncrated when it arrives in the field and
OPERATIONS electrical lines connected and hooked to a 1.5 kW

(or less) source of 115-volt AC electrical power. In
addition, an EGTA reagent bottle must be installed

Equipment in a side compartment of the calcium meter. After the
Tables I and 2 list the kinds of equipment (and reagent bottle's tubing is connected, a purge cycle

their cost) needed for the CQNI water and cement con- must be run to remove air pockets in the tubing It
tent tests (also see Figures I and 2). In general, these takes about 10 to 15 minutes to install and purge the
apparatus are the recommended minimum needed for EGTA system.
the CQM analysis. Several items can be replaced by
other pieces of equipment that perform the same func- The cement suspension tank is normally shipped in
tion. For example, the cement suspension tank (Item two crates: the upper section is a 10-gal (37.6-L)
5, Table 2) can be replaced by the commercially pro- polypropylene tank, the lower section is a base stand
duced washing machine (Figure 3) that was specified which has a water pump and stirrer motor (Figure 5).
for the original KV and CERL/KV methods. A cement The tank is set up by (1) placing it on the base stand,
suspension tank was chosen for the Generation 3 (2) attaching the tubing connecting the water pump to
system because it is smaller and more portable than the the tank, and (3) connecting the Jiffy stirrer blade to
washing machine. The triple-beam scale (Item 1, Tables the stirrer motor through the watertight bushing. It
1 and 2) can be replaced by a more versatile, rugged usually takes about 1 hour to uncrate (or crate) and set
(and expensive) digital scale. Also, if the CQM is to be up (or take down) all the CQNI equipment.
used extensively at the same site, it probably would be
cost effective to obtain or make some type of end-over- The CQM system, including preprepared reagents
end mixer similar to those specified for the original KV supplied by the equipment manufacturer, is completely
and CERL/KV methods to mechanically mix the water self-contained, with the exception of 110 to 115 volts
test sample in the wide-mouth jar. of AC current (less than 1.5 kW required), tap water,

salt solution, and a 5 percent nitric acid solution. If
The approximate 1980 costs for the items listed in not locally available, the current can be supplied by

Tables I and 2 are $2063 and S4953, respectively, a small gasoline-driven alternator, and the tap water
Excluding Items 1, 2. 3, and 9b in Table 2 (which are by an appropriately sized storage tank. The salt solu-
duplicates of items listed in Table 1). the total equip- tion can be made from table salt. Thus, the only
ment cost for the CQM system is about S6800. material or equipment that is not normally locally

available (or shipped as part of the test system) is the
Transportation and Field Operation Requirements nitric acid. Nitric acid is classified by the Department

The CQM is easy to transport, simple to set up and of Transportation as an oxidizer requiring an oxidizer-
take down, self-contained, and can be operated in a corrosive label and is subject to transportation restric-
variety of environments. All its equipment can be tions. These restrictions include special packaging and
carried in a car or pickup truck in a ready-to-use forbid shipment on passenger-carrying aircraft and
condition; this equipment does not have to be crated railcars.
or packed with special shock isolation. For long-haul
commercial transportation, all equipment can be crated All CQM equipment, including the calcium analyzer
in cardboard boxes small and light enough to ship and chloride meter is rugged and reliable enough to
as either excess baggage on most commercial airlines operate in any interior or exterior environment in
or by U. S. Parcel Post (Figure 4). (The crates and which concrete is normally placed.
foam liners in which the calcium analyzer, chloride
meter, and scales are packed when received from the Water Content Test
manufacturer can be saved and used when commer- Reagents
dally transporting the equipment.) The centrifuge The reagents needed to conduct the water content
and cement suspension tank are rugged mechanical test are:
items that do not require special packaging or shock
isolation. 1. Sodium chloride (NaCI) solution (about 0.5

normal [N) in tap water)
With the exception of the calcium meter and the

cement suspension tank, all crated equipment only 2. Acid buffer solution.
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The NaCI solution is made bN dissolving 292 (t3) g Step 3. Turn the two jars end-ower-end. either hyl
of dry NaCI in tap water and diluting to 10 L.* -ach hand or m an end-over-end mixer. At least 75 complete
water test uses 250 ml of the 0.5 N NaCl solution; resolutions are recommended if the jars are turned by
thus, 10 L is enough for 40 water tests. hand, if turned by a 40 to 60 rpm mixer, at least 2

Tie acid buffer solution is a preprepared reagent mnutues are recoimended.*

for the Corning 920M chloride meter. Replacements Step 4. After mixing, unfasten the lids and pour the
are available from Corning distributors. The reagent water-cement slurry from the blank sample and the
bottles, as shipped, contain 475 ml of solution. This NaCI solution-cement slurry from the actual sample I
is enough to load the meter's sample beaker 25 to 30 into the centrifuge tubes. Place the tubes in the centri-
times. EL.,h loading is good for 5 to 8 chloride read- fuge and run at 2000 to 3000 rpm for 3 to 4 minutes. L
ings, If each water content test requires two to three
individual readings, the 475 ml should be enough for Step 5. Prepare the chloride meter for analysis hy
60 to 100 water content tests. (a) placing the sample selector toggle switch on 100 gl

and switching the on/off switch to on. (b) placing
15 to 17 ml of acid buffer solution in the Ireter's

Procedure 20 ml beaker, (c) placing the beaker on the stand.
The CQM water content test consists of adding (d) lowering the silver electrodc . and (e) begnning

250 ml of a 0.5 N NaCl Solution to a 2-kg concrete tile conditioning cycle by pressing the conditoning
sample, intermixing the two, and determining the cilo- switch. (This step is required only at the start of each
ride con,:entration of the intermixed supernatant salt day or when the buffer solution sign indicates lia it
solution using tite Corning 920NI chloride meter. If needs changing-about every 5 to 8 readings.)
the concrete contains chlorides from other sources.
both an actual and a blanik sample (250 ml of dis- Step 6. Determine the chloride strength of tie blank
tilled water added to a 2-kg concrete sample) must be sample by pipetting 100 gl of tihe blank sample. using
used. an Eppendorf. into the meter's 20 ml beaker. Press the

titration switch. Record the result and repeat the test
to ensure reproducibility. I" rthe meter's blank lighi is

The steps for the CQM water content test are de-

scribed below and outlined in Appendix A. (The on. no chlorides are present.

outline in Appendix A should be posted near the Step 7. Determine the chloride strength of te
equipment so operators can refer to it as needed): actual sample by pipetting 100 gi of time actual sampe.

using an Eppendorf, into the meter's 20 ml beaker
Step !. Obtain a 12- to 15- kg sample of fresh con- Press the titration switch. Record the result and

crete. mix the sample to ensure homogeneity, and repeat the test to ensure reproducibility to -I per.
weigh out two subsamples of at least 2000 (t 200) g cent.
each.+ Record the exact weight of each subsample to
the nearest grant. Place one 2-kg subsample in a wide- Step 8. Determine the chloride strength of the
mouth jar; theit, using a volumetric flask, add 250 ml 0.5 N NaCl solution by pipetting 100 pI of the .5 N
of distilled water. Secure tie lid on the jar. This is the NaCl solution, using an Eppendorf. into tire 20 ml
blank sample required for estimating chlorides in the beaker. Press the titration switch. Record the results
concrete itself. and repeat tie test to ensure reproducibility to I per-

cent. Water content is calculated as follows:
Step 2. Place the second 2-kg sample in another

wide-mouth jar. add 250 ml of 0.5 N NaCI solution,
and secure the lid. Water Content tl) = 250 SaWt -

SSa -B[ Sa
*Dry NaCt crystals dissolve slowly, ind mechanical agi-

tation is revnmtended to ensure that the crystals completely
dissolve, *Under no condition should the jar be turned ,o rapidl%

tThe reason tor the Aide rane ot samnple weight is to pre- that tile centritual force e\ceeds irravrtaon tdi toh- es. otlt,
vent biasing the ml irtar a'greate ratio ot the stmpte hv All prevent the salt solution1 and distitled wsater tr -it , -
adjusting the sample siie. pletely mixing with the concrete samples.
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Table I
Water Tests

Cost

item Title Quantity Description Source PeT Unit Total

I Scale I Triple-beam scale o 2600 g Laboratory equipment S80 S90

capacity, I g sensitivity) supplier

2 Hand scoop I Square-mouth scoop: bowl Equipment supplies, $8 $8
dimensions are 3 in. concrete & soil
(76 itrn) wide by 8 in. testing

(203 mm); I mg; cast
aluminum

3 Sample tub 1 5 qt (4.7 L) polyethylene Domestic food S1 SI

tub freezer goods supplier

4 Wide-mouth jar 2 1/2 gal (1.9 L) polyethylene Laboratory equipment S5 $5

wide-mouth jar with supplier
screw closure and lid

5 Centrifuge I Variable speed, 4-place Same as Item =1 $230 $230

centrifuge for 15 ml
tubes

6 Centrifuge tube 2 Disposable. 15 ml, poly- Same as Item -1 S.12/pair S60il10011

styrene centrifuge tubes
(2 per test purchased in
cases of 1000)

7 Eppendorf pipet I Tip ejector tixed volume. Same as Item .: $85 $85

(20ul) pipet (20 ,ul capacity)

8 Disposable pipet 3 Disposable tips for 20 ul Same as Item -1 $36/1000 $36,1000

Eppendorf pipets;
purchased in case lots
of 1000

9 Chloride meter I Corning Model 920M Same as Item =I $1500 $ 150

chloride meter

10 Volumetric flask 2 Polypropylene, 250 ml Same as Item -:1 $9 $9

cap

I 1 Carboy I Linear polyethylene, Same as Item =1 $30 $30

rectangular, with
spigot, screw closure.
2 gal (7.6 L) capacity

12 Beakers I Polypropylene,Griffin Same as Item =1 $2 $9

low-form graduated,
250 ml capacity (sold
in case lots of 6)

TOTAL $2063
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IlUhle 2

cost

Item Title Quantity Description Source Per U.nit Total

I Scale I Tritple-beamn scale 121,00( Laboratory IEquipment S90) S90

F capacity. I g
sensitivity)

2 "and scoop I Square-miouth scoo. p bossl I; quipment supplier S8 $8

3 in. (76 min) wide by for concrete and

8 in. (203 mmi) long; soil testing
cast aluminunt

3 Sample tub 1 5 qt (4.7 L) polyethy lene Domestic food SI$

tub treezer goods
Supplier

4 Specimen tub 1 2 qt ( 1 .9L) polyethylene Same as Item 3 SI 5I

tub

5 Cement suspension I Polyprop lene, 10 gal Tank, hoses. motors. $91) 90
tank (37 Ul "Nalgene" tink etc, purchased from

including rectrculating laboratory equipment
punip and hose, 1,'20 mp supplier (I loc ally

controller for use on
11 5 /1 I 20Volt AC lines,
watertight hushing. anJ
jiffs, m~ixing blade
coupled through universal
joint to 1/ 12 hp stirrer
motot. ittcluding cutout
ring to hold 12 in.
(304 in) diamtieter sieves.

6 Sieve nest Standard stainless steel. Salie as Item =2 $85 $85

12 in. dial (304 Itint)

No. 4 4760 micron open-igs S80 S80

No. 50 297 micron openingsS8

No. 100 149 micron openings S80 $80

7 Magnetic stirrer Vasiable speed magnetic Same as Item l $80 $80

& stirring rod stirrer & non-stick coated
stirring rod

8 Syringe type Pipet I "Vatiptt," syringe-type Sanme as Item l $60 $60
variable volume transfer
pipet, 30 ml capacity

9 Eppendorf Pipet Tip ejector, fiaxed Same as Item =1 S60 S60

volume. pipet

20 il apaity 1 85 585
10 pl capacity $85 $85

10 Disposable Pipet - Disposable tips for Same as Itent -1 S36/1000 5 36 1000

tips 2-0 and 100 gl Eppendorf
pipets. purchased in case
lots of 1000

II Flask 
Same as Itemr jrl

Erlenmeyce I Polycar binate. 500 ml S5 $5

capacity 99

volumetric I Polypropylene, 250 mlS9$
capacity

12 Calcium analyzer I Corning Model 940 calcium Same as Item -I $3300 $3300

analyzer

13 Carboy I Linear polyethylene. rec- Same as Irven Zl $30 $30

taneular. with spigt,
screw closure. 2 gallt 7.6 Li
capacity

TOTAL $4935
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4. Calcein indicator solution

5. Calcium standard solution

6. Potassium hydroxide (1.0 N potassium hydrox-
ide).

Reagents 3 through 6 are preprepared and are
. available from Corning (they are produced specifically
'. ' for Corning's 940 calcium analyzer). Replacements

are available from Corning distributors. Reagent 4,
the calcein indicator, is shipped in a powder form, each

Figure 3. Commercially produced washing machine prepackaged sample is dissolved in 10 ml of the cal-
and sieve nest used with the CERL/KV cium standard solution. The reconstituted calcein
system. solution has a shelf life of 4 to 6 weeks, and should be

replaced accordingly.

where Calibration Requirements

Std = relative chloride strength of the 0.5 N Before conducting the cement content test, the
NaC1 solution procedure must be calibrated for the calcium in the tap
(Step 8) (milliequivalents per liter) water and the concrete. This is done by running the

standard cement content test. To determine the tap
Sa = relative chloride strength of the sample water calibration constant, Step 2 of the cement test

solution procedure is excluded, and the aggregate proportions
(Step 7) (milliequivalents per liter) present in a 2 kg concrete sample are obtained as the

"2 kg sample". In Step 10, analyze a 100 0l sample.
BI = relative chloride strength of the blank

solution For the concrete calibration test. a 10-kg sample of
(Step 6) (milliequivalents per liter) concrete is hand mixed using the materials and mix

proportions of the concrete to be tested. (The cement
SaWt = weight of sample (nearest gram) should be hand mixed until it is homogeneous.) A 2-kg

sample of the concrete is taken and tested (Steps
BIWt = weight of blank (nearest gram). 1 through 10), and the results recorded.*

If the concrete being tested does not contain chlo- The cement calibration curve is a linear plot of
rides (i.e., if the chloride strength of the blank sample cement content (g) vs the calcium analyzer reading
equals zero), the blank sample tests can be discon- (mg 7r), with zero cement being the water calibration
tinued. result (mg %) divided by 5. The weight of the cement

in the 2-kg concrete calibration sample and its calcium

Cement Content Test analyzer reading are the other set of coordinates.
Figure 6 shows a typical calibration curve.

Reagents
The reagents needed to conduct the cement content The concrete calibration test must be repeated

test are: each time the cement or aggregate source or type used
to produce the concrete is changed (or on a weekly

1. A 5 percent nitric acid solution made by adding
5 ml of nitric acid (specific gravity = 1.42) to 95 ml of
tap water. *The sieve arrangement used in the calibration procedure

should be consistent with those used in the test procedure.
2. Tap water That is. if only the No. 4 and No. 50 sieves are used to cali-

brate the cement test, the same arrangement should be used
during testing. It the No. 4. No. 50. and No. 100 sieves are

3. EGTA solution used, they should he used .'or both calibrating and testing.

12



Figure 4. CQM equipment crated for commercial shipment.

A
Figure S. Cement suspension tank -- uipper and lower sections separated.

13



basis if the aggregate and cement sources and type do 4. The calcium content of the cement solution

not change). Both the concrete and tap water calibra- can be determined by titration with the Corning 940)

tion tests must be repeated each time the water source calcium analyzer.

changes.
The steps for the cement content test are described

Procedure below and outlined in Appendix B. (The outline in
Appendix B should be posted near the test equipment

The CQM cement content test is based on the fol- so operators can refer to it as needed):

lo.n Cemntonsie: tp rm ie suc Step 1. Fill the cement suspension tank with tap
uniformincliotent; and theentpefo agiregatre eits water to the 10-gal (37.6-L) mark on the side of the

unifrm n clcim cntet; ad te agreate eiher tank. Place the nested sieves on the tank and turn on
do not contain calcium or are uniform in calcium the tank's agitator.*
content for that proportion of the aggregates that pass

the finest sieve over the cement suspension tank. Step 2. Obtain the 12- to 15-kg concrete sample,

2. Wen gittedcemnt an e unforly is- mix the sample to ensure homogeneity (or remix. if

persed and suspended in water so that a representative usdicojntnwthheaeret)adwig

sample can be obtained.
flf calcareous fines are present. it is recommended that an

additional No. 100 sieve be nested below the No. 50. The

3. Stirring without external heat will produce a combination of sieves used for calibration and cement content

quantitative solution of cement in nitric acid. testing must be consistent.

8.0-
Concrete Calibration
For Concrete Mix 7
Containing 3009gr
of Cement

ji 7.0-

-~6.0 
7

4D 7

0-

To ae airto

4.0de By 7

Figur Ta 6.te Clibrticontetts -tpclclbaincre
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oult 20001- Zoil it Il,, tih collh ide Record tile Step 9. liegini tile aji by5iJ placmrr the! mt /-(/, mg
sCrght !o tile rie'lre"teln toggle wit,.h km i' and addiln, IOU1 (lILpidrI

(it tire calciumr standard it) tile ciiselre. Press thle itr-
Step 3, Traisel tile 2000-eg sN11Pi to thle sieeS tlion button. R-coi d hie result arid repeal tile test hN

over thle tank. lii on thle tank's tecirculatig pump adding another IOU /JI sample. Continue repeatlrng
and wash the residue trom thle 2O0U.g sam ipie contaitner unt il Consecutive results are less t han I .S percent apart,
into the tank uIsrn11 tihe water jet front thle recircurlating Push thle calibration hutton and run an additional
pLIrtIP ho0sC. 1OO pl sarrtpie of' rile calciurr starida rd ito ensuire t hat

thle calciuri standard readout value is 10 I0. 11 mg
Step 4. Wash tile plus No. 4 agreate Carefully, percent.

usring tire water jet from tire recircurlating putnp ]lose.
After all the cermetnt has been warshed from the agre- Step 10. Deternmine the strength of the cerricrit soIl-
gate retained ont thle No. 4 sieve (this takes about I to tion in the Erlenineyer flask by analyzing a 20 pi sam-
1.5 minutesi. rernose tilie No. 4 sieve, pie in r le calcium analyier . Re peat this test until all

values are less than 1 .5 percent apari . Deterrnire tile
Step 5. Wash thle aggregatme retairred onl tle No. 50 cemienit content by' referring to thle calibrat ioni graph.

sieve unt.] all cement has been warshed from the aggre.
gate l tlriF takes about I to I muinrutes). Rermove thre

No. siVe*3 VALIDATION TESTS
Step 6. Obtain a representative sample of' the

cemrent Suspension inl the tank ursinig thle 30 nil syringe
pipet. Place tire suspended ma~terial in a 500-ril Frlert- Valrdation tests were cornducted uinder both labora-
tneyer flask. Retill tire syringe pipet withl 5 percent tory arid field conditions to determnre how simple.
nitric acid, and add the acid solution to tire content last, robuSt, and accurate tire CQI system was relative
of thle Erlenever flask. While discharging tire acid to the Generation 2 CERL., KV method. Thre conipari-
solution fronm tire syringe pipet. shake it occasionally son at' the two systems included accuracies f'or deter-
to ensure t hat all cenient that setrled out when (lie rtitirtg water and cemernt conttent and estimiates or'
cenient samples were taken has dissolved and is flushed strength potential. Thre strength potential estimates
out with the acid solution. Use a volurtietric flask to included, for tire first time, both compressive and!
add 250 in) of' tap water ito the Frleniever flask. tlexural strengths.

Step 7. Put a magnetic stirring liar in the Erlen- U, boratory Test
rieyer flask arid place it onl a riagnietic stirrer. Turn onl
tire stirring motor and check ito see that stirring has Durring tire laboratory validationi series, CQM and
begrin. CILRL/KV tests were run on air- and nonair-entraired

cotrcrete sariples. Tire corrcrete was Type I coerirri.
Step S. Prepare tire calcriuri arralyzer by switching siliceous river sand. and a I in. I 25.4 mrrl) rrraxrrrrrrrr

thre porwer onl. arid filling thre cuverte to rmark with calcareous coarse aggregate. Ott the air-entrained mixes.
I1.0 N potassium hydroxide arid 100 jil ( Eppendort) of' vinsol resin was used to entrap air. Five different Coll-
reconrstituted calcein reagent. Put the cuvette in thle crete mixes were batched with water/cement ratios
analyzer. add 100 p1l I Lpperidorf) of calcium standard v'arying frorm 0.4 ito 0.8 cerrierit content ranged tromn
Solution, and push the titrar hn buttorn to conditioni 21 .5 to 10.9 percent tfor thre ronatr-eritrained concrete
thre cuvette for analysis. (This step is required only arid 19.6 to 10.0 percentt for the air-entrained concrete.
after the cuivette is Filled with view potassium irydrox- Two-cubic-foot (0.05 il' I rmixes were batched arid
ide solution. A single cuivette filling is suifficient for I5 riixed ill a rotary drumr with a capacityN of' 3-': 'm ft
to 20 readings.) ( I in3 ). Besides samples for CQNI1 arid CURL KV test-

inig, two 6 x 12 in. ( 152 x 204 rrrin) cylitnders aid( two
6 x 6 x 21 in. (152 x 152 x 533 1111m1 heartils were Cast

*Whn othtie N 5 an N ]Il)mevs re isd. he from each concrete batch. Slump tests were lso)
Wtgretran e on'r the N o, 1110 siev sh.ot l iev~ae kste - it I taken onl each batch. aitd the air con tents detertnined

Jddi riona I I t 1 5i mu ie :vitte em l No it siev Ila hee tfo~r thle air-entrained hatchles. Tire cylIin ders arid beans
reino'vedl. Reiov he k No. lilt) sievye si Ieni comprt'e. were rtioist -citred fo r 28 dayxs. th ern hro k err tin comtnpres-



sion and flexure, respectively. The slump, air content, indicate that the accuracy of the CQM system is equal
and beam and cylinder tests were all conducted accord- to or slightly better than the CERL/KV for both water
ing to ASTM standards. and cement content. For all tests (air- and nonair-

entrained), the mean and standard deviations for the
Four CQM and CERL/KV tests were conducted on CQM tests are 97.8 and 5.2 percent and 106.] and 8.5

each concrete batch. The test procedure consisted of percent, respectively, for cement and water content
weighing out four 2-kg samples for water content recovery. Similarly, the CERL,'KV results were 100.3
cement content analysis. Two hundred fifty milliliters and 5.7 percent and 101.4 and 8.6 percent, respec-
of 0.5 N NaCl solution were added to each of the four tively, for cement and water content recovery. The
water content samples, and the concrete and solution water recovery values for the air-entrained concrete
were intermixed in an end-over-end mixer. After mixes were the only results that differed significantly
settling, the chloride strength of the resulting super- from similar results on previously reported tests. The
natant of each sample was determined by the CQM and mean and standard deviation for these CQM tests were
CERL/KV methods, respectively, and related to the 112.9 and 7.56 percent: the CERL KV results were
water content of the mix. Similarly, each of the four 100.65 and 10.9 percent. It is not known precisely
cement content test samples were washed over the what caused the high recovery values for the CQM
No. 4 and No. 50 sieves with the recirculating water water test, but they probably related to the presence
from the cement suspension tank. After the aggregate of suspended solids and/or entrapped air not completely
and cement separated, a representative CQM sample settled out or removed from the 20 1 sample used to
was obtained with a 30 ml syringe pipet; a representa- analy e the chloride strength of the water sample.
tive CERL/KV sample was taken with the 125 ml aayeteclrd tegho h ae ape
tivedpipet.The and CERL/KV sampl waswta w the n Suspended solids and/or entrapped air in the 20 M1
linked pipet. The CQM and CERL/KV tests were then sample would result in lower chloride and higher
completed, water content results. Because most air-entraining

Table 3 summarizes the results of the CQM and agents, besides entrapping air, are also dispersives, the
CERL/KV water and cement content estimates. The suspension of solids was significantly greater in the air-
table is based on percent recovery (CQM or CERL/KV entrained tests than in the nonair-entrained tests. It is
value divided by the actual mix proportions times assumed that this problem would not be :is significant

1O0.)* The overall mean and standard deviation values if the supernatant of the water test sample was centri-
fuged. The laboratory tests were not centrifuged

*Free water (total water minus the absorption capacity of
the aggregates) was usd as the actual water mix proportion 6 P. A. Howdyshell. Retvs'd Operations (Guide for a Cht'm.
in computing recovery for the CQM and ('ERLIKV water Cat Ft'Chnique to I),'terpnm, Water asli c.nilent .oitrt,11 It
content tests. -)resh Concrete. TR M-212/ADA0391 21) (FRL. April 1977).

Table 3

Laboratory Validation Series (Recovery)

CQM CERL;KV
Cement Water Cement Water

Nonair-Entrained
X 97.3 101.9 100.7 101.8
S x  5.4 5.9 5.7 6.8
n 39 39 39 38

Air-Entrained
X 98.5 112.9 99.7 100.6
Sx  4.8 7.6 5.8 10.9
n 24 24 24 24

All Tests
X 97.8 106.1 100.3 1tl1.4
SX  5.2 8.5 5.7 8.6
n 63 63 63 62
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because both the CQM and CERL/KV tests were when predictions were based on regression analyses
conducted on the same sample: thus, it was not pos- based on CQM and CERL/KV water/cement ratios.
sible to obtain a supernatant sample large enough to
centrifuge. Compressive strengths were predicted from the

CQM and CERL/KV water/cement ratios and the air
Figures 7, 8, and 9 depict the relationships among content data. These predictions were compared to the

flexural strength and the CQM, CERL/KV, and actual actual compressive strengths and standard errors com-
water/cement ratios for the nonair-entrained mixes. puted for both the CQM and CERL/KV predictions.
Similarly, Figures 10, 11, and 12 depict the relation- The compressive strength estimates were based on a
ships for the air-entrained data. The linear regression regression equation developed previously in this
analysis conducted on each data set indicates excellent research.
correlation. Correlation coefficients were greater than
0.9 and 0.8 for the nonair-entrained and air-entrained Afl ('iq 3j
mixes, respectively. where

The standard error for flexural strength prediction A = the mix factor constant (constant for each
was computed by: set of materials)

2 _ _ __
n 3) [Eq 21 f = the estimated strength
(n -3)

where (a = 9551 - 7847(W/C) - 733.7(a)
+ 760.1(a)(W/C)

a = standard error W/C = CERL/KV or CQM water cement ratio

Ai = the difference between the actual and esti-
mated flexural strength in the "i" case

The standard error for the strength prediction was
n = sample number. computed by Eq 2. The standard errors for the com-

pressive strength predictions for the CQM water/cement
ratios were 674 and 728 psi (4650.6 and 5023.2 KPa).

The standard errors for the flexural strength predic- respectively, for the mix factor constants developed
tions of the nonair-entrained mixes for the CQM from the CQM and actual water/cement ratios. The
water/cement ratios were 31.1 and 36.7 psi (214.6 standard errors for the CERL/KV compressive strength
and 253.2 kPa), respectively, for the regression curve predictions were 648 and 648 psi (4471.2 KPa). respec-
developed from the CQM and actual water/cement tively, for the mix factor constants developed from the
ratios. The standard errors for the flexural strength CERL/KV and actual water/cement ratios.
predictions of the nonair-entrained mixes for the
CERL/KV water/cement ratios were 34.3 and 33.7 psi An overall evaluation of the laboratory validation
(236.7 and 232.5 kPa), respectively, for the CERL/KV series indicates that, with the exception of the high
and actual water/cement ratio regression curves. CQM water contents for the air-entrained mixes, the
Similarly. the standard errors for the air-entrained accuracies of the CQM and CERL/KV methods are
mixes based on CQM water/cement ratios were 71.0 about equal for determining water and cement content
and 123.6; for the CERL/KV water/cement ratios, and for estimating flexural and compressive strength.
they were 65.7 and 69.1. These results indicate that The accuracy of the CQM and CERL/KV flexural and
both the CQNI and CERL/KV systems can estimate compressive strength predictions (based on actual
flexural strength potential if the actual water/cement water/cement ratio to strength relationships) makes
ratio strength relationships are known for the material it possible to estimate strength from CQM water/cement
constituents being used. The relatively large error for ratios without a CQM water/cement ratio to strength
the CQM air-entrained mixes relates directly to the relationship. Additional laboratory tests have indicated
previously described high water test recovery for the that if the CQM water tests are centrifuged they concur
CQM air-entrained mixes. Additionally, the accuracies much more closely with actual water content for
of these strength predictions were somewhat improved air-entrained mixes.
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Figure 7. Flexural strength vs CQM water/cement ratios (nonair-entrained). Metric conversion: I psi =6.895 kPa.
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Figure 8. Flexural strength vs CERL/KV water/cement ratios (nonair-entrained).
Metric conversion: I psi 6.895 kPa.

18



S 0

0 N

£ N 0

N

SW.

3W J
0. 0.4 asU 04 07 0. as8

WINv/C0011101 Ratio

Figure 9. Flexural strength vs actual water/cement ratios (nonair-entrained). Metric conversion: I psi =6.895 kcPa.
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Figure I1. Flexural strength vs CERL/KV water/cement ratios (air-entrained). Metric conversion: I psi = 6.895 kPa.
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Field Tests Meani Jind standard dcaumnn ,a1c's for ('IOM water
and cement content recovey wcre 121.4 ard 24.5.

Three different field tests have been conducted on and 97.4 and 20.0 percent, respectively. These
the CQM system. lIrc first two field tests evaluated the standard deviations are considerably greater than those
robustness and transportability of the system. One test obtained in the laboratory validation series. (Some
proved that it was possible to use a car or truck to increase in error would be expected when laboratory
carry all equipment in a ready-to-use configuration. tests are compared to field data, because actual field
For this test, CQM equipment was transported in a mix proportions are only assumed to be the rnLx design
sedan from Champaign to Springfield, IL (85 miles proportions.) The degree of error in these tests was
[136 km ) and demonstrated to the Materials Labora- significantly greater than that normally associated with
tory staff at the Illinois Department of Transportation. field tests.7 Thus, the cause of the error must have
It took less than 1i hour to set up the demonstration; been in the technique or the equipment. The two
all equipment worked reliably at the demonstration student operators said they found it difficult to cali-
site. brate the calcium meter for the cement test (Step 9.

cement content test procedure). They had tile same
The second field test consisted of crating the equip- trouble during the entire test series; near the end of

ment in cardboard boxes and shipping it as excess the series, the calcium meter failed completely. After
baggage on a connercial airline from Champaign. IL tie calcium meter was returned to CERL for repair.
to Portland, OR. The equipment was then used for a it was discovered that the drive shaft that operates a
field test and demonstration for the Federal Highway syringe-type plunger in the analyzer had a loose coup-
Administration Region 10 staff at Vancouver. WA. ling. This allowed the shaft to turn without moving the
It took about 1 hour to uncrate and set up the equip- plunger. After the set screws on the coupling were
ment. Four concrete hatches were tested using both tightened, the problem was corrected. A check of the
the CQM and CERL/KV methods. Correlations be- calibration procedure (Step 9, cement content test
tween the CQM and CFRL/KV test results were procedure) indicated that the meter was operating
excellent. Also, the CQNl water test was significantly satisfactorily. Thus, it seems that a large proportion of
more rapid than tile CIFRL/KV water test, because the cement content errors were related to field calibra-
of the centrifuge separation of the cement-salt solution tion problems probably caused by the slipping shaft
slurry, and plunger in the calcium analyzer.

The third field test was conducted with the help of The water test results also had significantly greater
the Oregon Department of Transportation (ODOT). errors than the laboratory results. There was also a
The objective of this test was to use non-CERL person- high mean recovery value (121.4 percent). Before
nel to determine (I 1) the robustness, (2) required opera- returning the chloride meter to CERL, the field opera-
tor skills, and (3) the accuracy of the CQM system. tors performed a water analysis check on the chloride

meter. This check consisted of running a standard
In the ODOT test, two undergraduate engineering CQNI water content test on a sample containing only a

students were hired to obtain concrete samples from known amount of water and comparing the results
ODOT construction sites throughout the greater with the actual amount of water in the sample. Their
Portland area. They were asked to cast cylinders and analysis check provided a recovery value similar
conduct the CQNI and CERL/KV tests on the samples to that obtained from their concrete tests. But an
at a central field laboratory (a small trailer). identical test done at CERL by CERL personnel

indicated near perfect agreement between the actual
CERL delivered the CQM equipment and spent 3 and computed water content. This indicates some

days training the two students and other personnel proble or inconsistency in tile field operators' pro-

from ODOT. Of the 3 days scheduled for training, less cedure, but the specific nature of this procedural
than 1 day was really available; the rest of the time problem was not determined.
was spent investigating an EDTA titration problem
with the CERL/KV system that had never occurred

before. The restricted training time did not permit 7P. A. Howtyshell, Rcrieid O1pcrattopiv (,mir, Ior a (wmi-

any assessment of operator skills or equipment perfor- cal Technique to Dctermnt' wate'r and cemer (optre,,t

mance. Fresh Concrete. TR M-21 2/.AtAm39120 t1- R[. April N77.
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With the exception of the loose coupling problem as to possible changes or pruiricrs, that may ha'e
on the calcium analyzer, the overall field test results occurred at the batch plant at the samle tine as t1e
indicate that the CQM system can be transported test outlined in Figure 13 is run.
reliably. The inconsistencies in the ODOT test indicate
that more field tests are needed. The training approach Determining Concrete Strength
should also be reviewed and refined, as necessary. In Figures 7 through 12 and the results obtained from
general, it is recommended that field evaluations Eq 3 indicate the validity of the relationships bet 'n
should continue, but with close initial supervision and CQM water/cement ratios, air content, and 2,-da\
support from CERL to develop an effective training flexural and compressive strengths. But since several
approach and to assess the causes of potential prob- other factors can contribute to a greater or lesser
lems. extent to concrete strength and strength-gain charac-

teristics, it is recommended that the water/cenent
ratio to strength relationships be developed for eah
concrete material system used. (Although. as mdicatcd
by the laboratory results discussed in Chapter 3. the

4 RECOMMENDED PROCEDURES FOR actual water/cement ratio to strength relationships
ANALYSIS OF CQM DATA can be used to accurately predict strength trom CQNI

water/cenrent ratios.) With tie exception of' minor
concrete, all Corps of Engineers specifications (both
Civil Works and Military C, nstruction) require either

Comparison With Mix Design Values Government- or contractor-developed water/cement
The water and cement contents determined by the ratio to strength relationships for concrete placed

CQM method should be compared with the batch on Corps of Engineers' projects. Thus nearly all con-
proportion values. If the CQM and batch proportion crete placed on Corps of Engineers" projects has
values vary by less than 10 percent. it is assumed that water/cement ratio to strength data that can be used
the CQM system is operating properly, that the con- directly with the CQM water'cement ratios to estimate
crete batch is homogeneous. and that the batched strength potential. If such information does not exist.
proportion values are correct. If the results vary by Eq 3 can be used to estimate compressive strength by
more than 10 percent, a second complete CQNI test assuming the tuix factor constant A is equal to 1
should be run. The 2-kg test samples for the rerun (A equal to I normally produces a conservative
should be taken from the original 12 to 15 kg sample strength estimate.) Since flexural strength is more
collected for the initial runs. Extreme care should be sensitive to parameters other than the water ,cement
exercised on the reruns to ensure no procedural errors ratio influencing strength potential. it is recommended
are made. If the second test agrees closely with the that flexural strength estimates not be made without a
batch proportion values, it should be assumed that it is specific water/cement ratio to strength relationship for
correct and that the initial test was in error. If the the materials being used.
second test is significantly different from both the
batch proportion and first test results, or if the second
test agrees closely with the first, one of three things
has occurred: 5 CONCLUSIONS

I. The concrete sample is not representative of the
bulk (indicating poor mixer efficiency and nonhomo-
geneity). This report describes the equipment and reagents

needed for the CQM systeri and outlines the systeti's
2. The batch is not the same as indicated by the test procedures (Chapter 2).

batch proportions.
1. Laboratory and field tests showed that the CQM

3. The CQM system is incorrectly calibrated, system is significantly easier to operate in the field
than the Generation 2 KV system (Chapter 3) because

Figure 13 shows a series of analytical steps for the CQNI uses less glassware and fewer reagents. With
determining which of these three problems has the exception of a nitric acid and salt solution, all
occurred. It is recommended that an inquiry be made teagents cat be purchased prepackaged from the22
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equipment iantacltuii hI t)\l .. Sin:e thils IIp Jrt ntaI l tr antt i all the questiois
transport than the (,ele l.tn .2K \ ,sc . p t , ' tentuil users, U I: R L will provide technical assis-
3). tance iO any Curps of Engineers facility interested in

2. The only significart nttt 0tile C ~selttng tip and asing the CQM system. This assistance
tern relates to the caliumn signature ot hie ce:lel! includes field demonstrations and help in procuring
content that passes the No. 50 and No. 100 sieves. equipment, training operators, analyzing results, and
Thus, nonuniformity of calcium concentrations in troubleshooting. For more information. contact:

cement, aggregate, or water passing the No. 50 or
No. 100 sieve can cause significant error (Chapter 4). Department of the Army

3. Validation test results indicate that the CQM Construction Engineering Research Laboratory
system is as accurate as the Generation 2 KV system ATTN: Debbie Lawrence or P. A. Howdyshell
(Chapters 3 and 4). P. 0. Box 4005

Champaign. IL 61820
4. The CQN system can be used to estimate both Telephone: 958-7224 (FTS) or 217-352-6511.

compressive and flexural strengths (Chapters 3 and 4). Extension 224 (Comtnercial).
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APPENDIX A: CQM WATER CONTENT TEST
CQM WATER CONTENT TEST (ACTUAL SAMPLE)
(BLANK SAMPLE)

1. Place a 2000 g I-200 g) concrete sample in the
1. Place a 2000g , 2toog) concrete .a rnple in wide- wide rnoutlh jar. Record the weight of the sample to

mouth jar. Record the weight of the sample to thle the nearest grain.
nearest grain.

2. Use a volutietric flask: add 250 ml of 0.5 N NaCI
2. Use a volumetric flask, add 250 ml of distilled solution to the concrete sample in the jar. Seal the

water to the concrete sample in the jar. Seal the lid. lid.

3. Agitate the concrete and distilled water solution 3. Agitate the concrete and the NaCI solution mix-
mixture b. hand or in an end-over-end nixer. []and ture by hand or in an end-over-end mixer. Hand mix
mix for at least -5 revolutions; mix for 2 minutes if tor at least 75 revolutions: mn. fjr 2 minutes if using
using an end-over-end mixer, an end-over-end mixer.

4. Af:er agitation. Unfasten the jar lid and pour the 4. After agitation, unfasten the lid and pour the
water-cement slurry from the blank sample into the NaCI solution-cement slurrs from the sample into the
centrifuge tubes (two tubes). Place the tubes in the centrifuge tubes (two tubes). Place the tubes ;n the
centrifu e and centrifuge at 2000 to 3000 rpm for centrifuge and centrifuge at 2000 to 3000 rpm for 3 to
3 to 4 minutes. 4 minutes.

5. Prepare the chloride meter for analysis ithis step 5, Prepare the chloride meter for analysis:
is required only when buffer solution is changed). a. Turn the power switch otn atid selector switch

a. Turn the power switch on and selector switch to 100 jal sample size.
to 100 /. sample size. b. Add 15 to 17 ml of acid buffer to the meter's

b. Add 15 to 17 ml of acid buffer to tie meter's beaker.
beaker c. Begin the conditioning cycle b. pressing the

c. Begin the conditioning cycle by pressing the conditioning switch. (This step is required only
conditioning switch. when the buffer solution is changed.)

6. Determine the chloride strength of blank sample 6. Determine the hloride strength of the sample
by pipetting 100 ,l sample from the centrifuge tubes by pipetting a 100 gl sample from the centrifuge
into meter's beaker. Press the titration switch. Record tubes into the meter's beaker. Press the titration
the result and repeat the test to ensure reproducibility. switch. Record the result and repeat the test to ensure
If the blank sample light is on. no chlorides are present reproducibility.
and the sample water content equation is correct. If
chlorides are present, the equation is modified as 7. Determine the chloride strength of the 0.5 N
follows: [Eq A NaCI solution as described in Step 6.

water content ml) 250 SaWt 8. Water content (nl) = 250 ( tStd/Sal - I )jEq A21
a - B Wt

where Std = chloride strength of the 0.5 N NaCI solution
obtained in Step 7 (milliequivalents per

BI = chloride strength of blank sample solu- liter)
tion obtained in Step 6 (milliequivalents
per liter) Sa = chloride strength of intermixed sample

SaWt = weight of sample solution obtained in Step 6 (miliequivalents

BIWt = weight of blank. per liter).
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APPENDIX B: 5. Prepare the calcium analyzer I this step is required
CQM CEMENT TEST only when the cuvette solution is changed)i

a. Fill the cuvette to the mark with 1.0 N potas-
suni hydroxide.

1. Fill the cement suspension tank to the 10 gal
(37.b L) mark. Place the nested ,sieves on the tank and b. Add 100 ;jl of reconstituted calcein solution to

turn on the tank's agitator. the cuvette.

2. Place a 2000 g (±200 g) sample on the sieves c. Place the cuvette into the analyzer and add
over the tank. Record the sample weight to the nearest 100 pl of calcium standard. Close the cuvette
gram. Turn on the recirculating hose and wash the plus door and push the titration button.
No. 4 aggregate carefully using the water fron tie
recirculating hose. After all the cetnent has been d. At the end of Step 5c, a ready light will come
washed from the aggregate retained on the No. 4 sie'e, on indicating that the instrument is ready tr

remove the sieve. Repeat the washing and steve removal analysis.
process for the No. 50 and No. 100 sieves.

6. Repetitively analyze the 100 pl samples of the
3. Take a representative 30 ml sample of cement calcium standard solution until consecutive readings

suspension in the tank by using 30 nl syringe pipet. are less than 1.5 percent apart, Push the calibration
Place the 30 ml sample in the Erlenmeyer flask. Refill button and run an additional 100 ul sample of the cal-
the syringe pipet with 5.0 percent nitric acid, and add ciutn standard to ensure that the calcium standard
the acid solution to the flask. While discharging the readout is 10t.1 (tng ,). If it is not, repeat the cali-
acid solution frotn the syringe, shake it occasionally bration cycle.
to ensure that all the cement residue in the syringe has
been dissolved and flushed out of the syringe. Use a 7. Determine the relative calcium strength of the
volumetric flask to add 250 nil of tap water to the unknown cetnent solution in the Erlenmeyer flask
flask, by analyzing a 20-,l sample in the calcium analyzer.

Repeat this test to ensure reproducibility. The readings
4. Mix the contents of the flask by magnetically should be less than 1.5 percent apart, Determine the

stirring, cement content by referring to the calibration graph.
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